Novel Pink Bollworm Resistance to the Bt Toxin Cry 1Ac: Effects on Mating, Oviposition, Larval Development and Survival by Fabrick, J.A. et al.
-3$*.(,)!-**4-/+/$0(01 ,"$1-1'$11-5(,/6
"%%$"10
-,+ 1(,&-3(.-0(1(-,* /3 *#$3$*-.+$,1 ,#02/3(3 *
 01?8290"=?:=D 4270<3) 4<<414??F
*('(?83"0<36?82B:AB?0:'4@40?274<A4?

$=?A70?3=<"0<4#0?82=>0/
!01/ "1
E4@EE@?A=2?ED2C686?6E:42==J6?8:?66C65E@AC@5F46:?D64E:4:52=E@I:?D7C@>E96 Bacillus thuringiensis E6C=:?6C
24:==2=6D24:==24626324E6C:F>2?5E2C86E<6J=6A:5@AE6C2?A6DED?2==AC6G:@FDDEC2:?D@7A:?<3@==H@C> Pectinophora
gossypiella (2F?56CD"6A:5@AE6C26=649::526D6=64E65:?E96=23@C2E@CJ7@CC6D:DE2?46E@:?D64E:4:52=CJ
4E@I:?
FD:?82?2CE:7:4:2=5:6E4@?E2:?:?8E96E@I:?C6D:DE2?46E@CJ
42?5E@E4@EE@?:D=:?<65E@E9C6642596C:?2==6=6Dr1
r22?5 r3?4@?EC2DEE96
A:?<3@==H@C>DEC2:?H2DD6=64E657@CC6D:DE2?46E@E4@EE@?3J7665:?8=2CG267@C7@FC
52JD:?6249@7
86?6C2E:@?D@?3@==D@7U$F%)$PUE92E6IAC6DD65CJ
4E@I:?7E6C255:E:@?2=D6=64E:@?7@C
6=6G6?86?6C2E:@?D@?CJ
4:?4@CA@C2E655:6EE96DFD46AE:3:=:EJE@CJ
4764F?5:EJ688G:23:=:EJ2?5>2E:?8@7E9:D
DEC2:?E
'H2D4@>A2C65H:E9E96F?D6=64E65CJ
4DFD46AE:3=6A2C6?EDEC2:?(@>6=2CG26@7E96E
'DEC2:?
DFCG:G65@?5:6E4@?E2:?:?8Q
	 8CJ
4A6C>:==:=:E6C2CE:7:4:2=5:6E3FE?@?6DFCG:G65@?EC2?D86?:44@EE@?3@==D?
4@?EC2DEE@DEC2:?DD6=64E656I4=FD:G6=J@?CJ
45:6ED@>6DFCG:G2=@7AC@86?J@7C64:AC@42=>@E94C@DD6D@7E
'
C6D:DE2?E2?5EDFD46AE:3=6DEC2:?D@44FCC65@?CJ
4EC62E655:6EDF886DE:?85:776C6?46D:?=6G6=D@75@>:?2?46)96
E
'C6D:DE2?EDEC2:?5@6D?@E92G6E96 r1 r2@C r3 >FE2?E42596C:?86?6D2D5@2==AC6G:@FDDEC2:?D@7A:?<3@==H@C>
D6=64E65@?CJ
4EC62E652CE:7:4:2=5:6E)964@>3:?65C6DF=EDDF886DE2>6492?:D>@7C6D:DE2?46E@CJ
4E92E:D
5:776C6?E7C@>AC6G:@FD=J56D4C:36542596C:?>FE2E:@?D
$64-/#0 Pectinophora gossypiella Bacillus thuringiensisA?0<@64<822=AA=<
0 45501?8290?@B@306=C
$"$(3$# 
	 0<B0?F		G ""$.1$# #0F		G 2!*(0'$# #0F		
00-"( 1$#(1-/ .C4@0??84?4D0@438A=?=5A78@>0>4?
-.6/(&'1 )78@8@0<=>4<0224@@>0>4?,4B@4A74?40A8C4=;;=<@AA?81BA8=<	:824<@4A70A>4?;8A@B<?4@A?82A43B@4>?=C8343A70A
A74>0>4?8@>?=>4?:F0AA?81BA43
 


G+=:$B;14?

(1$1'(0. .$/ 0
01?829  427"4<<414??F) 		$=C4:>8<91=::D=?;?4@8@A0<24A=A74AA=E8<?F
25542A@=<;0A8<6=C8>=@8A8=<:0?C0:
34C4:=>;4<A0<3@B?C8C0: >> Journal of Insect Science 
0C08:01:4=<:8<48<@42A@284<24=?6

 =B?<0:=5<@42A(284<24+=:G?A82:4
 01?8294A0:
 =B?<0:=5<@42A(284<24GDDD8<@42A@284<24=?6 
,1/-#2"1(-,
)C2?D86?:4 4@EE@? H:E9 E96 Bacillus thuringiensis E 6C
=:?6C 24:==2=6D 24:==24626 86?6 @C 86?6D AC@5F4:?8
AC@E6:?D E@I:4 E@ E96 A:?< 3@==H@C> Pectinophora gossypiella
(2F?56CD "6A:5@AE6C2 6=649::526 2?5 @E96C =6A:5
@AE6C@FD A6DED 92G6 366? 8C@H? 4@>>6C4:2==J :? C:K@?2
D:?46 
 H:E9@FE =@DD :? 4@?EC@= 677:424J )232D9?:< 6E
2= 		
 )232D9?:< 6E 2= 		 )9:D 92D @44FCC65 :CC6
DA64E:G6 @7 E96 AC65:4E:@?D 7@C E C6D:DE2?46 56G6=@A>6?E
32D65 @? 6IA6C:6?46 H:E9 :?D64E:4:56D #6==@? 2?5 ':DD=6C

 2?5 5@4F>6?E65 6I2>A=6D @7 C6D:DE2?46 E@ E
DAC2JD :? 8C66?9@FD6 2?5 7:6=5 A@AF=2E:@?D @7 D@>6 =6A:5
@AE6C2?D  2?>22E 2?5 #J6CD 		 )232D9?:< 


6CCM 2?5 +2? ':6 		 @FC P. gossypiella DEC2:?D 92G6
366? D6=64E65 7@C C6D:DE2?46 FD:?8 CJ
4 AC@E6:? 7C@>
#+&P 7@C>F=2E:@? :?4@CA@C2E65 :? 2CE:7:4:2= 5:6E
)232D9?:< 6E 2= 		 )232D9?:< 6E 2= 		
 "2CG26 @7
E96D6 5:6ED6=64E65 C6D:DE2?E P. gossypiella DEC2:?D DFCG:G6
2?5 56G6=@A E@ C6AC@5F4E:G6 25F=ED @? 3@==D @7 4@>>6C
4:2= EC2?D86?:4 4@EE@?D 6IAC6DD:?8 CJ
4 )232D9?:< 6E
2= 		
 )232D9?:< 6E 2= 		2 '6D:DE2?46 E@ CJ
4
:? E96D6 P. gossypiella :D 4@?EC@==65 3J @?6 @C 2 76H =@4:
H:E9 C646DD:G6 2FE@D@>2= :?96C:E2?46 2?5 H:E9@FE >2E6C
?2= @C D6I=:?<286 ":F 6E 2= 		
 )232D9?:< 6E 2= 		
)9C66 42596C:? 2==6=6D r1 r22 ? 5r3 2C6 86?6E:42==J
=:?<65 H:E9 C6D:DE2?46 E@ CJ
4 2?5 E 4@EE@? :? 2== AC6
G:@FD=J 56D4C:365 C6D:DE2?E P. gossypiella DEC2:?D #@C:? 6E
2= 		 #@C:? 6E 2= 		
 )232D9?:< 6E 2= 		
 )2
32D9?:< 6E 2= 		2 (6=64E:@? 7@C C6D:DE2?46 E@ E 5@6D
?@E 2=H2JD C6DF=E :? E96 23:=:EJ @7 C6D:DE2?E :?D64ED E@ DFC
G:G6 @? E96:C ?2EFC2= 9@DE A=2?ED )232D9?:< 6E 2= 		
:?5:42E:?8 E92E D6=64E:@? E@ 7@C>F=2E65 E@I:? 5:776CD 7C@>
E92E @? EC2?D86?:4 A=2?ED 2?5 E92E 255:E:@?2= 724E@CD >2J
4@?EC:3FE6E@:?D64E>@CE2=:EJ
? 4@?EC2DE E@ D6=64E:@? 7@C C6D:DE2?46 FD:?8 CJ
4 AC@
E6:? :? 2CE:7:4:2= 5:6E 
 P. gossypiella =2CG26 D6=64E65 7@C
C6D:DE2?46 :? =23@C2E@CJ DEF5:6D 7C@> 		
 E@ 		 3J
7665:?8 @? U$F%)$PV E 4@EE@? 3@==D 5:5 ?@E AC@
5F46 E C6D:DE2?E =2CG26 E92E DFCG:G65 @? E 4@EE@? 3@==D
6??636CCJ 6E 2= 		 (@>6 =2CG26 @7 E9:D D6=64E65
DEC2:? 9@H6G6C 5:5 DFCG:G6 2E Q
	 8 CJ
4 A6C >:==:
=:E6C 2CE:7:4:2= 5:6E H9:49 92D 366? 56E6C>:?65 E@ 36 2 5:D
4C:>:?2E:?8 4@?46?EC2E:@? 7@C P. gossypiella C6D:DE2?46 :?
E96 =23@C2E@CJ )232D9?:< 6E 2= 		 >6C86?46 >2E
:?8 2?5 688 92E49 H6C6 ?@E D:8?:7:42?E=J 27764E65 3J D6
=64E:@? 3FE 764F?5:EJ H2D D:8?:7:42?E=J C65F465 :? 

)9:D DF886DED 2 4@DE @7 C6D:DE2?46 D:>:=2C E@ E9@D6 C6A@CE65
7@C @E96C P. gossypiella D6=64E65 DEC2:?D 2CC:NC6 6E 2=
		
23 2=E9@F89 :?4@>A=6E6 C6D:DE2?46 2CC:NC6 6E 2=
		 @C :?3C665:?8 56AC6DD:@? 4@F=5 92G6 4@?EC:3FE65 E@
DF49=@DD:?764F?5:EJ
6C6 2 P. gossypiella E
' DEC2:? H2D 86?6C2E65 3J 7FCE96C
D6=64E:?8 E96 CJ
4E@=6C2?E 
 DEC2:? @? 2CE:7:4:2=
5:6E 4@?E2:?:?8 CJ
4 7@C 

 86?6C2E:@?D (FD46AE:3:=:EJ
H2D 4@>A2C65 E@ CJ
4 764F?5:EJ 688 G:23:=:EJ 2?5
>2E:?8 @7 E96 E
' DEC2:? H:E9 2 CJ
4DFD46AE:3=6
DEC2:? ,'" 2?5 AC@G:56 2? :?:E:2= 4@>A2C:D@? @7 C6D
:DE2?46 H:E9 <?@H? 5:6ED6=64E65 P. gossypiella DEC2:?D
E
' 25F=ED H6C6 2?2=JK65 7@C E96 AC6D6?46 @7 <?@H?
42596C:? C6D:DE2?46 2==6=6D :?2==J E96 DFCG:G2= 2?5 56
G6=@A>6?E 36EH66? 
 AC@86?J 7C@> C64:AC@42= 4C@DD
>2E:?8 @7 E96 E
' C6D:DE2?E DEC2:? 2?5 2 DFD46AE:3=6
DEC2:? @? CJ
4:?4@CA@C2E65 5:6E H2D 4@>A2C65 )96
C6DF=ED DF886DE E92E E96 >6492?:D> @7 C6D:DE2?46 E@
CJ
4 :? E
' 5:776CD 7C@> AC6G:@FD=J 492C24E6C:K65 P.
gossypiella DEC2:?D
 1$/( *0 ,#$1'-#0
(,)!-**4-/+01/ (,0
EDFD46AE:3=6 P. gossypiella FD65 :? E96 DEF5J H6C6 7C@>
E96 ,6DE6C? @EE@? '6D62C49 "23@C2E@CJ &9@6?:I /
4@=@?J 56D:8?2E65 2D E96 ,'" DEC2:? E92E 92D 366?
C62C65 4@?E:?F@FD=J H:E9@FE D6=64E:@? @? 2CE:7:4:2= 5:6E
2CE=6EE 2?5 ,@=7 
 7@C >@C6 E92? 	 86?6C2E:@?D
 CJ
4C6D:DE2?E DEC2:? 0
1 H2D 56G6=@A65 3J D6
=64E:@? @7 @G6C 			 :?5:G:5F2=D 7C@> E96 ,'" DEC2:?
@G6C 
 86?6C2E:@?D @7 7@FC52J 7665:?8 @? E 4@EE@? 3@==D
E92E 6IAC6DD65 CJ
4 6??636CCJ 6E 2= 		 @==@H
:?8 E96 
 52J 7665:?8 A6C:@5 @? E 4@EE@? 3@==D DFCG:G:?8
=2CG26 H6C6 C62C65 F?E:= 25F=E9@@5 @? 2CE:7:4:2= 5:6E
H:E9@FE E E@I:? )96 :?:E:2= D6=64E:@? @7 
 4@?D:DE65
@7 	 ?6@?2E6 =2CG26 A=2465 @? 

 4@EE@? 3@==D 7@C 

52JD @7 H9:49 

 AFA26 DFCG:G65 2?5 H6C6 FD65 7@C
DF3D6BF6?E D6=64E:@?D AAC@I:>2E6=J 	R
		 :?5:G:5F2=D
:? 6249 86?6C2E:@? H6C6 D6=64E65 @? E 4@EE@? 3@==D ?
255:E:@?2= P. gossypiella DEC2:? H2D D6=64E65 @? E 4@EE@?
3@==D 7@C D6G6? 52JD 01 9@H6G6C E96  DEC2:?
H2D =6DD 7:E E92? E96 
 DEC2:? 2?5 H2D F=E:>2E6=J =@DE
6??636CCJ 6E 2= 		  DF34@=@?J @7 E96 

DEC2:? 2E 86?6C2E:@? 
 H2D 6DE23=:D965 @? 2CE:7:4:2= 5:6E
4@?E2:?:?8 
	 8 @7 CJ
4 E@I:? A6C >:==:=:E6C 5:6E 2?5 :D
56D:8?2E65 2D E96 E
' DEC2:? (6=64E:@? @7 E
' @?
CJ
4EC62E65 5:6E C6DF=E65 :? DF77:4:6?E 25F=ED E@ >2:?
E2:? E96 4@=@?J C2?8:?8 7C@>  >@E9D 7C@> :?:E:2= D6=64
E:@? E@ 9F?5C65D @7 25F=ED :? DF3D6BF6?E 86?6C2E:@?D
)9:D 4@?46?EC2E:@? @7 E E@I:? H2D 49@D6? 2D AC6G:@FD 6I
A6C:>6?ED 92G6 :56?E:7:65 :E 2D 5:28?@DE:4 7@C :56?E:7J:?8
=2CG26 E92E 2C6 9@>@KJ8@FD 7@C C6D:DE2?46 )232D9?:< 6E
2= 		 IA6C:>6?ED @? E
' 3682? 27E6C 

 86?6C2
E:@?D@?CJ
4EC62E655:6E
@C 6249 86?6C2E:@? @7 E
' @? CJ
4 5:6E DFCG:G:?8
AFA26 H6C6 96=5 :?  4> I 	 4> H2I65 42C53@2C5
>2E:?8@G:A@D:E:@? 4286D >6C8:?8 25F=ED H6C6 AC@G:565
2 
	 DF4C@D6 D@=FE:@? 7@C 7@@5 2?5 A2A6C E@H6= A:646D
 4> H6C6 A=2465 @G6C D4C66?D E@ 24E 2D 2? @G:A@D:
E:@? DF3DEC2E6 %G:A@D:E:@? DF3DEC2E6D H:E9 688D H6C6 4@=
=64E65 2?5 A=2465 :? 42C53@2C5 4@?E2:?6CD 7:==65 H:E9 2A
AC@I:>2E6=J 
		 8 @7 
	 8 CJ
4 A6C >= 2CE:7:4:2= 5:6E
E@ DE2CE E96 7@==@H:?8 86?6C2E:@? "2CG26 H6C6 C62C65 2E
O :? 4@?DE2?E E6>A6C2EFC6 423:?6ED H:E9 2 


	
 =B?<0:=5<@42A(284<24+=:G?A82:4
 01?8294A0:
 =B?<0:=5<@42A(284<24GDDD8<@42A@284<24=?6 " 4J4=6 )96 ,'" DEC2:? H2D C62C65 2D 56D4C:365
23@G63FE@?2CE:7:4:2=5:6EH:E9@FECJ
4E@I:?
/6
"1/$ 1$##($1
CJ
4EC62E65 5:6E H2D DFAA=:65 3J E96 IE6?D:@? C
E9C@A@5 '6D:DE2?46 #2?286>6?E "23@C2E@CJ '#"
@7 E96 *?:G6CD:EJ @7 C:K@?2 )F4D@? / CJ
4 E@I:?
MVP-II®Bioinsecticide, Mycogen, San Diego,
CA :? DE@4< D@=FE:@? H2D >:I65 :?E@ 2CE:7:4:2= 5:6E :?
2>@F?ED ?646DD2CJ E@ 4C62E6 7:?2= 4@?46?EC2E:@?D C2?8:?8
7C@> 	 E@ 
			 8 CJ
4>" @7 5:6E 2D 56D4C:365 3J
6??69J6E2=		

/6
"020"$.1(!(*(16
)96 DFD46AE:3:=:EJ @7 E96 E
' 2?5 ,'" A:?< 3@==
H@C> DEC2:?D E@ CJ
4 H2D 56E6C>:?65 FD:?8 2 >@5:7:4
2E:@? @7 E96 DFCG:G2= >6E9@5 @7 )232D9?:< 6E 2= 		
AAC@I:>2E6=J  8 @7 2CE:7:4:2= 5:6E 4@?E2:?:?8 	 	
 	

 
	  @C 
		 8 CJ
4>= H2D A=2465 :? 7:G6 	 >=
A=2DE:4 4FAD :G6 ?6@?2E6 =2CG26 7C@> 6249 DEC2:? H6C6
A=2465 :? 6249 @7 E96 4FAD FD:?8 2 7:?6 3CFD9 "2CG26
H6C6 C62C65 2E O H:E9 


	 " ":G6 2?5 5625 :?
D64ED H6C6 C64@C565 27E6C 
 52JD H96? 2?J 7@FCE9 :?DE2C
=2CG26 AFA26 @C 25F=ED H6C6 4@?D:56C65 DFCG:G@CD ?
255:E:@?2= 5@D6>@CE2=:EJ 6IA6C:>6?E H2D A6C7@C>65 @?
E96 E
' DEC2:? 2D 9:896C 4@?46?EC2E:@?D @7 CJ
4 H6C6
?66565 E@ 6DE:>2E6 E96 "	 @C E96 E
' DEC2:? @?=J
?6H=J 92E4965 ?6@?2E6D  C6A=:42E6D @7 ?  	 H6C6
C62C65 :?5:G:5F2==J @? 	 
 
	 
		 2?5 
			 8 CJ
4
A6C >= 2CE:7:4:2= 5:6E :? 4FAD 2D 56D4C:365 23@G6 2?5 >@C
E2=:EJ H2D C64@C565 27E6C 
 52JD "	D H6C6 6DE:>2E65
3J &C@3:E 2?2=JD:D &'% &'%) FD:?8 (( (( ?
DE:EFE6 
 )96 C6D:DE2?46 C2E:@ H2D 42=4F=2E65 2D E96
"	 7@CE
'5:G:5653JE96"	 7@C,'"
 , *60(0%-/),-4," #'$/(, r  **$*$0
$ D4C66?:?8 @7 P. gossypiella 7@C E96 AC6D6?46 @7 <?@H?
42596C:? C6D:DE2?46 2==6=6D H2D 5@?6 FD:?8 2 >@5:7:65
AC@E@4@= 2?5 &' AC:>6CD @7 E92E 56D4C:365 3J #@C:? 6E
2= 		
 2?5 )232D9?:< 6E 2= 		2 )9C66 D6ED @7 P. gos-
sypiella 25F=ED 7C@> E96 E
' DEC2:? H6C6 D4C66?65 7@C E96
AC6D6?46 @7 <?@H? r 2==6=6D :CDE &' H2D A6C7@C>65 @?
$ 7C@> 25F=E P. gossypiella ?   @7 E96 E
' DEC2:?
E92E 765 @? E 3@==D 2?5 H2D E96 7:CDE 86?6C2E:@? @7 DFCG:G
@CD @? 2CE:7:4:2= 5:6E 4@?E2:?:?8 
	 8 CJ
4 E@I:? A6C
>= 5:6E (64@?5 $ 7C@> E
' :?5:G:5F2=D ?  

>2:?E2:?65 @? 
	 8 CJ
4 A6C >= 5:6E 7@C E6? 86?6C2
E:@?D H2D E6DE65 :?2==J E
' :?5:G:5F2=D ?  	 H6C6
282:? E6DE65 7@C r 2==6=6D 27E6C 
 86?6C2E:@?D H:E9 2== 3FE
@?6 86?6C2E:@? @7 =2CG26 C62C65 @? 5:6E H:E9 
	 8
CJ
4 A6C >= 5:6E $ H2D 6IEC24E65 7C@> P. gossypi-
ella FD:?8 &*'$ $ D@=2E:@? !:E 7C@> 6?EC2
(JDE6>D HHHB:286?4@> &' A@D:E:G6 4@?EC@= C624
E:@?D FD:?8 $ 6IEC24E65 P. gossypiella :?5:G:5F2=D 7C@>
E96 5:6ED6=64E65 C6D:DE2?E DEC2:? /&' 4@?E2:?:?8
<?@H? r 2==6=6D r1r3 2?5 r2r3 H6C6 A6C7@C>65 2D 56
D4C:3653J #@C:?6E2=		

$"(./-" *"/-00+ 1(,&0
)@ 56E6C>:?6 E96 67764E @7 CJ
4 C6D:DE2?46 @? >2E:?8
@G:A@D:E:@? =2CG2= DFCG:G2= 2?5 56G6=@A>6?E @7 E96 E
'
DEC2:? >2=6 2?5 76>2=6 7@FCE9 :?DE2C =2CG26 H6C6 D6A2C
2E6=J C62C65 @? 2CE:7:4:2= 5:6E 4@?E2:?:?8 
	 8 CJ
4
>= *A@? AFA2E:@? 7:G6 E
' 76>2=6 AFA26 H6C6 A2:C65
H:E9 7:G6 ,'" >2=6 AFA26 2?5 7:G6 ,'" 76>2=6
AFA26 H6C6 A2:C65 H:E9 7:G6 E
' >2=6 AFA26 2?5
A=2465 :? 4286D )6DED H6C6 2=D@ A6C7@C>65 @? 4C@DD6D
H:E9 7:G6 E
' >2=6D A2:C65 H:E9 7:G6 E
' 76>2=6D 2?5
7:G6 ,'" >2=6D A2:C65 H:E9 7:G6 ,'" 76>2=6D 4=@
D:@? @44FCC65 6BF2==J 2?5 E:>:?8 H2D ?62C=J DJ?49C@?@FD
7@C 3@E9 DEC2:?D 5F=ED H6C6 AC@G:565 H:E9 @G:A@D:E:@?
DF3DEC2E6D 2?5 2 
	 DF4C@D6 D@=FE:@? 88D H6C6 4@==64
E65 27E6C 
	 52JD H96? 	 @7 @G:A@D:E:@? D9@F=5 92G6
@44FCC65 ":?8C6? 6E 2= 
 64F?5:EJ 2?5 688 92E49
7C@> E96D6 4C@DD6D H6C6 4@>A2C65 E@ 4@?EC@= 4C@DD6D E92E
4@?D:DE65 @7 25F=ED @3E2:?65 7C@> ,'" =2CG26 C62C65
@? 2CE:7:4:2= 5:6E H:E9@FE CJ
4 E@I:? 2?5 92?5=65 D:>:=
2C=J :? @E96C C6DA64ED $F>36CD @7 688D =2:5 2?5 A6C46?E
286 @7 688D 92E4965 H6C6 C64@C565 5F=E 76>2=6D H6C6
5:DD64E65 2?5 6I2>:?65 7@C E96 AC6D6?46 @7 DA6C>2E@
A9@C6D E@ G6C:7J >2E:?8 DE2EFD #2E:?8 2?5 @G:A@D:E:@?
E6DEDH6C6C6A=:42E657:G6E:>6D
%G:A@D:E:@? 2?5 56G6=@A>6?E @7 :?D64ED C6DF=E:?8 7C@> C6
4:AC@42= 4C@DD6D @7 E
' 2?5 ,'" H6C6 2?2=JK65 @E9
E96 E@E2= ?F>36C @7 688D =2:5 2?5 688 92E49 H6C6 6I
2>:?65 AAC@I:>2E6=J @?6 92=7 @7 E96 688D H6C6 A=2465
:? 4@?E2:?6CD H:E9 L  8 @7 6:E96C F?EC62E65 5:6E @C 5:6E
4@?E2:?:?8 
	 8 CJ
4 A6C >= 5:6E 88D H6C6 :?4F3
2E65 2E O 


	 " 7@C  52JD 2?5 688 92E49 H2D
C64@C565 "2CG26 @? 5:6E H6C6 C6EFC?65 E@ O 7@C 

52JD "2CG2= :?DE2C 56G6=@A>6?E 2?5 ?F>36CD @7 6249 @?
6:E96C F?EC62E65 5:6E @C @? 
	 8 CJ
4 A6C >= 5:6E
H6C6 C64@C565 88 2?5 =2CG2= 56G6=@A>6?E 6IA6C:>6?ED
H6C6C6A=:42E657:G6E:>6D
1 1(01("0
2E2 H6C6 2?2=JK65 3J $%+ FD:?8 #()) G6CD:@?


 7@C 4@>A2C:D@?D 36EH66? >@E9 DEC2:?D 7@C 5:776C
6?46D :? :>>2EFC6 =2CG2= DFCG:G2= 764F?5:EJ 688 2?5 =2C
G2= >@CE2=:E:6D &6C46?E >2E65 76>2=6D DA6C>2E@A9@C6
244CF2= 2?5 @G:A@D:E:@? H6C6 2=D@ 2?2=JK65 A2:C H:D6 3J
#2??,9:E?6J '2?< (F> )6DE FD:?8 (:8>2(E2E G6CD:@?
	 #@CE2=:EJ A6C46?E286D H6C6 4@CC64E65 7@C 4@?EC@=
>@CE2=:E:6D FD:?8 33@EEVD 7@C>F=2 33@E 
 2C4D:?6
EC2?D7@C>65 2?5 2?2=JK65 3J @=>(:52< >F=E:A=6 4@>
A2C:D@?E6DEFD:?8(:8>2(E2E
$02*10
/6
"020"$.1(!(*(16
"2CG26 7C@> E96 ,'" DEC2:? H6C6 >@C6 DFD46AE:3=6 E@
CJ
4 E92? E96 E
' DEC2:? :8FC6 
 2?5 )23=6 

#@CE2=:EJ H2D D:8?:7:42?E=J =6DD 7@C E96 E
' DEC2:? E92?
7@C E96 ,'" DEC2:?   
 57   

	 P  			

 =B?<0:=5<@42A(284<24+=:G?A82:4
 01?8294A0:
 =B?<0:=5<@42A(284<24GDDD8<@42A@284<24=?6 (&2/$
 Pectinophora gossypiella 3=@4;=?A0:8AF?4@>=<@42B?C4@A=?F
28<2=?>=?0A430?A858280:384A#40<2=??42
A43;=?A0:8AF>:=AA435?=;
	I
?4>:820A8=<@=558C4:0?C04>4??4>:820A4<@4?A@7=D@;=?A0:8AF2B?C45=?A
'=1
A08<435?=;@8<6:4:0?C018=0@@0F@D8A7?F
22=<24<A?0A8=<@=5
I
			 6;:J
 0<35?=;D7827"	 D0@4@A8;0A43
??=?10?@0?4@A0<30?34??=?@
#62? "	D 7@C E96 ,'" 2?5 E
' DEC2:?D H6C6 	

8>= 2?5 	 8>= C6DA64E:G6=J )23=6 
 2D65 @?
E96 "	D E
' H2D 6DE:>2E65 E@ 36 
	7@=5 >@C6 C6D:DE
2?E E@ CJ
4 C6=2E:G6 E@ ,'" %E96C 5:6ED6=64E65
DEC2:?D @7 P. gossypiella 925 9:896C "	 G2=F6D 2?5 C6D:DE
2?46 C2E:@D E92? E
' :?4=F5:?8 		 8>= 2?5

		7@=5 7@C /&' 
		 8>= 2?5 
		7@=5 7@C
#%+' 2?5 
	 8>= 2?5 	7@=5 7@C ('
C6DA64E:G6=J )232D9?:< 6E 2= 		 )232D9?:< 6E 2=
		2 )96 "	 G2=F6 7@C ,'" :D 4@>A2C23=6 H:E9
E92E 56E6C>:?65 7@C 2?@E96C =23 DEC2:? @7 P. gossypiella DFD
46AE:3=6 E@ CJ
4 "	  	 8>= )232D9?:< 6E 2=
		2
 !*$
 '4@>=<@4@A=?F
2=5>8<91=::D=?;:0?C04?4@8@A0<A
@A?08<A
'@4:42A43=<1=A7A2=AA=<0<30?A858280:384A0<3A74
B<@4:42A43>0?4<A@A?08<,'"
1/ (, , *-.$ 	 
 
A
' 
	 
	 

I 
	
,'" 
 
	
 		
I	
	 

*<8A@0?4;82?=6?0;@=5?F
2>4?;8::8:8A4?=5384A
'4@8@A0<24?0A8="	 =5A
'"	 =5,'"
 , *60(0%-/),-4," #'$/(, r  **$*$0
(4C66?:?8 @7 E
' 25F=ED ?   7C@> 
 ?  
 7C@>

	 2?5 ?  	 7C@> 
 7@C E96 AC6D6?46 @7 <?@H? r
2==6=6D 72:=65 E@ 56E64E 2?J @7 E96 AC6G:@FD=J :56?E:7:65
42596C:? r 2==6=6D == :?5:G:5F2=D E6DE65 A@D:E:G6 7@C E96
:?E6C?2= :?EC@? 4@?EC@= :?5:42E:?8 E92E E96 $ H2D :?
E24E 2E E96 42596C:? =@4FD :? 2== D2>A=6D ":<6H:D6 $
7C@> :?5:G:5F2=D 7C@> 5:6ED6=64E65 DEC2:?D H:E9 <?@H? r
2==6=6D r1r3 2?5 r2r3 H2D A@D:E:G6=J :56?E:7:65 2?5 86?@
EJA65 )96D6 C6DF=ED :?5:42E6 E92E E9@D6 E
' :?5:G:5F2=D
D6=64E65 @? $F%)$P E 4@EE@? 3@==D 2?5 
	 8
CJ
4 A6C >= 5:6E :? E96 2CE:7:4:2= 5:6E 3:@2DD2J 5:5 ?@E
A@DD6DD r1 r2@ Cr3 42596C:? C6D:DE2?46 2==6=6D E :D ?@E
<?@H? H96E96C E96D6 C6D:DE2?E P. gossypiella :?5:G:5F2=D
4@?E2:? 255:E:@?2= >FE2E:@?D :? E96 42596C:? 86?6 :6 r4
r5 6E4 @C :7 E96 C6D:DE2?46 :D 2DD@4:2E65 H:E9 @E96C F?
<?@H?C6D:DE2?4686?6D
$"(./-" * "/-00 + 1(,& -3(.-0(1(-,  ,# $&&
' 1"'
#2E:?8 @7 >2=6D 2?5 76>2=6D H:E9:? DEC2:?D E
' -
E
' 2?5 ,'" - ,'" H6C6 ?@E D:8?:7:42?E=J 5:7
76C6?E 7C@> :?5:G:5F2=D >2E65 36EH66? DEC2:?D E
' -
,'" )23=6  =D@ ?F>36CD @7 DA6C>2E@A9@C6D
7@F?5 A6C 76>2=6 H6C6 ?@E D:8?:7:42?E=J 5:776C6?E 7@C E96
,'" DEC2:? 4@>A2C65 E@ 76>2=6D @7 E96 C64:AC@42=
 =B?<0:=5<@42A(284<24+=:G?A82:4
 01?8294A0:
 =B?<0:=5<@42A(284<24GDDD8<@42A@284<24=?6 
 !*$ #40<>4?24<A064@=5;0A4354;0:4@@>4?;0A=>7=?4@>4?54;0:40<3=C8>=@8A8=<5?=;2?=@@4@=5,'"0<3A
';=A7>08?@
-1'. (/ &&0

+ 1$#
%$+ *$0
-
.$/+
%$+ *$ $ ,1-1 *-$&&0
* (#
$ ,1-1 *-3( !*$
$&&0
$ ,-3( !*$+ 1$#
%$+ *$0
A
' ,'" 
	0 0 
1 


1 
1
,'" A
' 
	0 0 

01 	
01 01
A
' A
' 	0 0 
01 1 
01
,'" ,'" 	0 0 0 	0 
0
P 				 		 
				 			 		

(>4?;@>4?;0A=>7=?4
#40<<B;14?@5=??4>:820A4@=5;=A7>08?@>4??4>:820A4#40<@8<A74@0;42=:B;<<=A5=::=D431FA74@0;4@0;4:4AA4?0?4@86<85820<A:F38554?4<A0@
34A4?;8<431F$%+0<31F>08?D8@42=;>0?8@=<@B@8<6A74#0<<,78A<4F'0<9(B;)4@A&		35

#40<<B;14?@=5C801:4466@>4?;0A4354;0:4D4?4<=A@7=D<A=14@86<5820<A:F38554?4<A1F$%+&		
1BA>08?D8@4AA4@A2=;>0?8@=<@
?4C40:430@86<5820<A38554?4<2414AD44<A
'-,'"0<3,'"-,'"AJ
&		
0@8<3820A431F38554?4<A:4AA4?@
A2:C:?8D 36EH66? DEC2:?D @C H:E9:? E96 E
' DEC2:? )96
E@E2= ?F>36CD @7 688D =2:5 >62? ?F>36C @7 G:23=6 688D
2?5 >62? ?F>36C @7 G:23=6 688D A6C >2E65 76>2=6 H6C6
C65F465 7@C >2E:?8 A2:CD :?G@=G:?8 E
' DEC2:? >@E9D
(A64:7:42==J E96C6 H2D 2 D:8?:7:42?E C65F4E:@? :? @G:A@D:
E:@? 2?5 >62? ?F>36CD @7 G:23=6 688D E@E2= 2?5 A6C
>2E65 76>2=6 7@C E96 4C@DD :?G@=G:?8 E
' 76>2=6D 2?5
,'" >2=6D )23=6  == 4C@DD6D :?G@=G:?8 E
'
D9@H65 C65F465 @G:A@D:E:@? 4@>A2C65 E@ >2E:?8 H:E9:?
E96 ,'" DEC2:? ":<6 E9@D6 C6A@CE65 3J 2CC:NC6 6E 2=
		
22CC:NC6 6E 2= 		
3 @FC C6DF=ED DF886DE 2 7:E?6DD
4@DE :D 2DD@4:2E65 H:E9 C6D:DE2?46 E@ CJ
4 :? E
'
H9:49 :>A24ED >2E:?8 2?5 @G:A@D:E:@? @H6G6C @E96C
724E@CD DF49 2D >@E9 286 =6?8E9 @7 E:>6 27E6C 6>6C86?46
367@C6 >2E:?8 @44FCD :?3C665:?8 56AC6DD:@? 2?5 :?4@>
A=6E6 C6D:DE2?46 >2J 2=D@ 4@?EC:3FE6 E@ E96 5:776C6?46D :?
@G:A@D:E:@?
@C =2CG26 @7 ,'" 2?5 E
' C64:AC@42= 4C@DD6D 7665:?8
@? F?EC62E65 5:6E E96 >2;@C:EJ @7 E96 DFCG:G:?8 AC@86?J
H6C6 
E9 :?DE2C =2CG26 3J 
 52JD )23=6  I46AE 7@C
E96 E
'  - E
'  4C@DD E96 AC@A@CE:@? @7 =2CG26
E92E C624965 E96 
E9 :?DE2C H96? C62C65 @? 2CE:7:4:2= 5:6E
4@?E2:?:?8 
	 8 CJ
4 A6C >= 5:6E 3J 
 52JD H2D D:8
?:7:42?E=J =6DD E92? E9@D6 =2CG26 7665:?8 @? 5:6E H:E9@FE
CJ
4 ?EC2DEC2:? 4C@DD6D H:E9 E
' AC@G:565 2 4=62C
25G2?E286 @G6C 4C@DD6D H:E9 E96 ,'" DEC2:? H:E9 2 D:8
?:7:42?E=J 9:896C >62? AC@A@CE:@? @7 =2CG26 C6249:?8 E96

E9 :?DE2C 2?5 9:896C 4@CC64E65 A6C46?E DFCG:G2= )96 4@C
C64E65 A6C46?E DFCG:G2= :?5:42E6D 2? 2AA2C6?E 5:D25G2?E
286 7@C AC@86?J @7 E
' - ,'" 4C@DD H:E9 E96 E
'
>@E96C 	
 25;FDE65 DFCG:G2= 4@>A2C65 E@ E96 E
'
72E96C  25;FDE65 DFCG:G2= 7@C 
 52JD DFCG:G2= @? 
	
8 CJ
4>= 5:6E @H6G6C E96 >62? AC@A@CE:@? @7
AC@86?J C6249:?8 
E9 :?DE2C =2CG26 H2D ?@E D:8?:7:42?E=J
5:776C6?E 7@C E
'  - ,'"  G6CDFD ,'" -
E
'  :?5:42E:?8 E92E E96 A2E6C?2= D6I =:?<286 :D ?@E
=:<6=J E@ 36 D:8?:7:42?E ?J 4@DE 2DD@4:2E65 H:E9 E
' 
- ,'"  2=D@ 5:5 ?@E 27764E @G:A@D:E:@? 76>2=6 >2E
:?8 @C DA6C>2E@A9@C6 244CF2= )23=6  @C 688 G:23:=:EJ
2D A6C46?E286 @7 G:23=6 688D @3E2:?65 7@C 2== 4C@DD6D 7C@>
=2CG26 C62C65 @? F?EC62E65 2CE:7:4:2= 5:6E H6C6 ?@E D:8?:7:4
2?E=J5:776C6?E)23=6
(0"200(-,
)96 DFCG:G2= @7 
 AC@86?J 7C@> C64:AC@42= 4C@DD6D @7 C6D
:DE2?E E
' 2?5 DFD46AE:3=6 ,'" A:?< 3@==H@C>
>@E9D @? 
	 8 CJ
4 A6C >= 5:6E :D :? 4@?EC2DE E@ E96
C6DF=ED C6A@CE65 3J ":F 6E 2= 		
 2?5 )232D9?:< 6E 2=
		 )96D6 DEF5:6D C6A@CE65 E92E 5@>:?2?46 @7 E C6D
:DE2?46 H2D C6=2E65 E@ E96 4@?46?EC2E:@? @7 CJ
4 :? 2C
E:7:4:2= 5:6ED @5@>:?2?46 @44FCC65 2E =@H 5:6E 4@?46?
EC2E:@?D 	
 8>= A2CE:2==J C646DD:G6 C6D:DE2?46 2E :?E6C
>65:2E6 4@?46?EC2E:@?D 
	 8>= 2?5 4@>A=6E6=J C6
46DD:G6 ?@ DFCG:G2= :?96C:E2?46 2E 9:89 4@?46?EC2E:@?D

	 8>= =E9@F89 @FC DEF5:6D H6C6 ?@E 56D:8?65 E@
567:?6 E96 =6G6= @7 5@>:?2?46 @7 CJ
4 C6D:DE2?46 :?
E
' D@>6 
 AC@86?J @7 E96 E
'  - ,'" 
2?5 ,'"  - E
'  4C@DD6D DFCG:G65 @? 2CE:7:4:2=
5:6E 4@?E2:?:?8 2 5:D4C:>:?2E:?8 4@?46?EC2E:@? @7
CJ
4 )9:D :?5:42E6D D@>6 =6G6= @7 5@>:?2?46 :? E96
C6D:DE2?46 @7 E
' E@ CJ
4 2?5 5:776CD 7C@> 2?J @7 E96
5:6ED6=64E65 DEC2:?D E6DE65 3J ":F 6E 2= 		
 2?5 )2
32D9?:<6E2=		
(EF5:6D @7 :?D64E C6DA@?D6D E@ E A=2?ED DF886DE E92E C6D:DE
2?46 E@ E E@I:?D :? 5:6ED @C =627 5:A 3:@2DD2JD 5@6D ?@E 2=
H2JD EC2?D=2E6 E@ E96 23:=:EJ @7 E96 C6DF=E2?E DEC2:? E@ DFC
G:G6 @? E96:C E 9@DE A=2?E )232D9?:< 6E 2= 		 "2C
G26 @7 C6D:DE2?E DEC2:?D @7 FC@A62? 4@C? 3@C6C Ostrinia
nubilalis F2?8 6E 2= 		 @=@C25@ A@E2E@ 366E=6 Lept-
inotarsa decemlineata ,:6C6?82 6E 2= 
 2?5 E@3244@
3F5H@C> Heliothis virescens @F=5 6E 2= 
 2C6 6I
2>A=6D @7 C6D:DE2?E :?D64ED E92E 5@ ?@E DFCG:G6 @? E96:C E
9@DED ? 4@?EC2DE C6D:DE2?E =2CG26 @7 :2>@?5324< >@E9
Plutella xylostella )232D9?:< 6E 2= 
	 A:?< 3@==H@C>
2?5 Helicoverpa armigera <9FCDE 6E 2= 		 2? 6E 2=
			 92G6 4@>A=6E6 56G6=@A>6?E @? 9@DE A=2?ED 6IAC6DD
:?8 CJ
 E@I:?D (@>6 D6=64E65 :?D64E DEC2:?D >2J
 =B?<0:=5<@42A(284<24+=:G?A82:4
 01?8294A0:
 =B?<0:=5<@42A(284<24GDDD8<@42A@284<24=?6  !*$ "0?C0:@B?C8C0:466C8018:8AF0<38<@A0?34C4:=>;4<A=5
>?=64<F5?=;,'"0<3A
'?428>?=20:2?=@@4@
-1'. (/
 -#$3$*-.$#1-(,01 /(,

#

-1 *-3( !*$
$&&0
$&&
3( !(*(16
,# /# 
1'
$ ,./-.-/1(-,#$3$*-.$#1-

1'(,01 /
-//$"1$#
2/3(3 *

'40?43=<B<A?40A430?A858280:384A
A
' ,'"  
0 	   	
H		
0 
,'" A
'  	0 	 
  	H		
0 
A
' A
' 
 
0 	 	 
 	
H		0 
,'" ,'" 

 0 	  	 	H		0 
'40?43=<0?A858280:384AD8A7
	6?F
2>4?;8::8:8A4?384A
A
' ,'" 


 0 
 
 
 			H			1 	

,'" A
'  
0  
	  		
H		1 
A
' A
'  0 	  

 	H		
0 
,'" ,'" 
 
0  

 	 		H		1 		

'428>?=20:2?=@@4@D4?4>4?5=?;431F;8E8<658C454;0:4@D8A758C4;0:4@5?=;4027@A?08<8<0>>?=>?80A42=;18<0A8=<@0<3D4?4?4>:820A4358C4A8;4@
$=
@A 8<@A0?:0?C04D4?45=B<3=<B<A?40A43=??F
2A?40A43384A=B?A78<@A0?:0?C0420A46=?F0:@=8<2:B34@A7=@48<@42A@A70A34C4:=>43A=A74>B>0:
@A064
#40<>?=>=?A8=<H(D0@34A4?;8<431F20:2B:0A8<6A74<B;14?A70A@B?C8C43A=
A78<@A0?:0?C04=?>B>0438C83431FA74A=A0:<B;14?=5C801:48<38C83B0:@0<3
20:2B:0A8<6A74;40<5=?4027=5A7458C4?4>:820A4@

=??42A43@B?C8C0:D0@20:2B:0A430@@B?C8C0:=<?F
2A?40A43384A38C83431F@B?C8C0:=<B<A?40A43384A;B:A8>:431F
		%<:F:8C4
A78<@A0?@=?>B>04
0A
305A4?A74@A0?A=518=0@@0FD4?42=B<A430@@B?C8C=?@
#40<>?=>=?A8=<=546670A275?=;40272?=@@D4?4<=A@86<85820<A:F38554?4<A		0@34A4?;8<431F$%+
#40<>?=>=?A8=<=5:0?C04A70A34C4:=>43A=
A78<@A0?=?>B>04D8A7A74@0;4:4AA4?D4?4<=A@86<85820<A:F38554?4<A		0@34A4?;8<431FA74
(AB34<A$4D;0<!4B:@;B:A8>:42=;>0?8@=<A4@A
DFCG:G6 @? E 9@DE A=2?ED 2?5 @E96CD >2J ?@E 3642FD6 @7
8C62E6C 6IA@DFC6 E@ E@I:? :? EC2?D86?:4 A=2?ED 9:896C E@I
:? 4@?46?EC2E:@? :? A=2?ED E96 AC6D6?46 @7 A=2?EE@I:? :?
E6C24E:@?D 5:776C6?46D :? AC@5F4E:@? @7 24E:G6 E@I:? :?
A=2?ED G6CDFD AC@E6:? :? 5:6E 3:@2DD2JD 2?5@C 5:776C6?46D
:? E96 D6=64E65 C6D:DE2?46 86?6D CJ
4 :? 4@EE@? 3@==D
92D 366? C6A@CE65 3J ":F 6E 2= 		
 E@ 36 >@C6 E@I:4 E@
A:?< 3@==H@C> =2CG26 E92? 2CE:7:4:2= 5:6E 4@?E2:?:?8 
	 8
E@I:? A6C >= 5:6E E :D A@DD:3=6 E92E @?6 @C >@C6 724E@CD
4@?EC:3FE6 E@ DFCG:G2= @7 E
' @? CJ
4 :? 5:6E 3:@2D
D2JD 3FE ?@E @? E 4@EE@? 3@==D (6=64E:@? 7@C 
 86?6C2
E:@?D @? E 4@EE@? 2?5 255:E:@?2= D6=64E:@? @7 
 86?6C2
E:@?D @? 
	 8 CJ
4 A6C >= 5:6E 5:5 ?@E AC@5F46 =2C
G26 E92E DFCG:G6 @? E 4@EE@? 3@==D E :D A@DD:3=6 E92E
>@C6 C:8@C@FD D6=64E:@? @? CJ
4 :? DF3D6BF6?E 86?6C2
E:@?D @7 E
' >2J :?4C62D6 C6D:DE2?46 E@ 2==@H 7@C DFCG:G
2= @? 9:89 4@?46?EC2E:@?D @7 CJ
4 2?5 @? E 4@EE@?
'6D:DE2?46 E@ CJ
4 :? P. gossypiella >2J 6G@=G6 3J D6=64
E:@? @7 >2;@C @C >:?@C C6D:DE2?46 86?6D C@6E6CD 2?5
)232D9?:< 			 #2;@C C6D:DE2?46 86?6D @7E6? 72G@C D6
=64E:@? @7 @?6 @C 76H =@4: E92E D9@H C2A:5 492?86D :? 7C6
BF6?4J 2?5 AC@G:56 9:89 =6G6=D @7 C6D:DE2?46 E :D =:<6=J
E92E C6D:DE2?46 E@ CJ
4 :? E
' :D 4@?EC@==65 3J 2
>:?@C 86?6 @C 86?6D 2D 2 >2;@C 2==6=6 H@F=5 =:<6=J 36
7:I65 F?56C :?E6?D6 D6=64E:@? C@6E6CD 2?5 )232D9?:<
			 G@=FE:@? @7 C6D:DE2?46 E@ E E@I:? >2J 2=D@ 36 :?
7=F6?465 3J :?96C6?E 5:776C6?46D :? E96 E@I:? DF49 2D AC@
E@I:? 24E:G2E:@? DE2EFD 2?5@C E@I:? 7@C>F=2E:@? 2D 5:D
4FDD65 3J ?:=<F>2C 6E 2= 		 #@C6 56E2:=65 DEF5:6D
2C6 ?66565 E@ 56E6C>:?6 E96 86?6E:4 32D:D 7@C C6D:DE2?46
E@ CJ
4 :? E96 E
' DEC2:? =D@ 7FCE96C DEF5:6D 2C6
?66565 E@ 56E6C>:?6 5:776C6?46D :? CJ
4 6IAC6DD65 :?
E 4@EE@? 3@==D 2?5@C @E96C 724E@CD 4@?EC:3FE:?8 E@ DFD
E2:?65 DFD46AE:3:=:EJ :? E
' @? A=2?ED G6CDFD E@I:? FD65
:?5:6E3:@2DD2JD
%FC C6DF=ED DF886DE E92E C6D:DE2?46 E@ CJ
4 7@F?5 :?
E
' 5:776CD 7C@> 5:6ED6=64E65 P. gossypiella DEC2:?D )96
A:?< 3@==H@C> DEC2:?D @7 ":F 6E 2= 		
 2?5 )232D9?:<
6E 2= 		 H6C6 D6=64E65 7@C 9:896C =6G6=D @7 C6D:DE2?46
FD:?8 :?4C62D:?8 2>@F?ED @7 CJ
4 E@I:? H:E9 :?4C62D
:?8 86?6C2E:@?D '6D:DE2?46 :? E96D6 DEC2:?D H2D C646DD
:G6=J :?96C:E65 2?5 86?6E:42==J =:?<65 E@ >FE2E:@?D :? 2
42596C:? E' 86?6 #@C:? 6E 2= 		 )232D9?:< 6E 2=
		
 )232D9?:< 6E 2= 		2 ,6 5:5 ?@E 56E64E r1 r2
@C r3 C6D:DE2?46 2==6=6D :? E
' )96C67@C6 E
' >2J 5:7
76C 7C@> AC6G:@FD CJ
4C6D:DE2?E DEC2:?D 6:E96C 3J 2
4@>A=6E6=J ?@G6= C6D:DE2?46 >6492?:D> @C 3J F?<?@H?
42596C:? 2==6=6D ?@E 56E64E65 3J 2==6=6DA64:7:4 &' )96
724E E92E 2 F?:BF6 D6=64E:@? C68:>6 
 5 @? E A=2?E GD 

5 @? CJ
4EC62E65 5:6E H2D FD65 2?5 3642FD6 E96 2A
A2C6?E 5@>:?2?46 @7 C6D:DE2?46 5:776CD 7C@> AC6G:@FD=J
:56?E:7:65 5:6ED6=64E65 C6D:DE2?E DEC2:?D DF886DED E92E E
'
6>A=@JD2?@G6=>6492?:D>@7C6D:DE2?46
E :D ?@E6H@CE9J E92E D6=64E:@? @7 C6D:DE2?46 7@C 
 86?6C2
E:@?D @? E 4@EE@? 3@==D 2?5 
 86?6C2E:@?D @? CJ
4
EC62E65 2CE:7:4:2= 5:6E C6DF=E65 :? 2 C6D:DE2?E DEC2:? E92E :D
DE:== F?23=6 E@ DFCG:G6 @? E 4@EE@? A=2?ED :6=5 >@?:E@C
:?8 7@C P. gossypiella C6D:DE2?46 E@ E 4@EE@? E9C@F89@FE E96
 =B?<0:=5<@42A(284<24+=:G?A82:4
 01?8294A0:
 =B?<0:=5<@42A(284<24GDDD8<@42A@284<24=?6 D@FE9H6DE6C? *( 92D ?@E 56E64E65 2? :?4C62D6 :? C6D:DE
2?46 2==6=6 7C6BF6?4J 7C@> 
R		 )232D9?:< 6E 2=
		3 )232D9?:< A6CD@?2= 4@>>F?:42E:@? 2?5 &'
D4C66?:?8 92D J6E E@ 56E64E 42596C:? C6D:DE2?46 2==6=6D :?
E96 7:6=5 )232D9?:< 6E 2= 		 )9:D DF886DED E92E 2=
E9@F89 P. gossypiella 92D E96 86?6E:4 A@E6?E:2= E@ 6G@=G6
C6D:DE2?46 E@ E 4@EE@? E9:D 92D ?@E J6E @44FCC65 :? E96
7:6=5 2?5 E92E C6D:DE2?46 2==6=6D E92E 2==@H DFCG:G2= @? E
4@EE@? 2C6 C2C6 :@2DD2JD @7 7:6=54@==64E65 P. gossypiella
FD:?8 CJ
4EC62E65 5:6E 6DE:>2E65 E92E E96 >62? 7C6
BF6?4J @7 C6D:DE2?46 2==6=6D 7C@> 		
R		 H2D 		

)232D9?:< 6E 2= 		3 7 C6D:DE2?46 :D A2CE:2==J 5@>:?
2?E 2D E92E 7@F?5 7@C E
' DF49 E92E D@>6 rs :?5:G:5F2=D
DFCG:G6 :? 3:@2DD2JD 2E 
	 8 CJ
4 A6C >= E96 7C6
BF6?4J @7 E96 5@>:?2?E r 2==6=6 H@F=5 36 =@H6C E92? E96
DE2E65 6DE:>2E6 H:E9 E96 6I24E 6DE:>2E6 56A6?5:?8 @?
9@H 5@>:?2?E E96 C6D:DE2?46 :D FCE96C DEF5:6D 2C6
?66565 E@ :56?E:7J 86?6E:4 5:776C6?46D :? P. gossypiella C6D
:DE2?E DEC2:?D E@ 567:?6 E96 >6492?:D> @7 E C6D:DE2?46 :?
E
' 2?5 F?56CDE2?5 A@E6?E:2= 4@DED 2DD@4:2E65 H:E9 C6D
:DE2?46 H9:49 >2J :>AC@G6 @FC F?56CDE2?5:?8 @7 C6D:DE
2?46 >6492?:D>D :? =6A:5@AE6C2?D 2?5 :?4C62D6 @FC 23:=
:EJ E@ A=2? 7FEFC6 C6D:DE2?46 >2?286>6?E E24E:4D :7 :E @4
4FCD:?7:6=5A@AF=2E:@?D
"),-4*$#&+$,10
)96 2FE9@CD 2AAC64:2E6 E96 96=A @7 CD )  6??69J 2?5
 )232D9?:< 2?5 E96 DE277 @7 E96 *?:G6CD:EJ @7 C:K@?2VD
IE6?D:@? CE9C@A@5 '6D:DE2?46 #2?286>6?E "23@C2E
@CJ 7@C AC@G:5:?8 CJ
4:?4@CA@C2E65 5:6E ,6 E92?<
2C32C2 67?6C 7@C E649?:42= 2DD:DE2?46 ,6 E92?< #2C<
(:DE6CD@? 2?5 CF46 )232D9?:< 7@C 96=A7F= 4@>>6?ED @?
2AC6G:@FDG6CD:@?@7E9:D>2?FD4C:AE
$%$/$,"$0
33@EE ,( 
  >6E9@5 @7 4@>AFE:?8 E96 67764E:G6?6DD @7 2? :?
D64E:4:56 Journal of Economic Entomology 
 
<9FCDE '   2>6D , :C5 " 62C5  		 '6D:DE2?46 E@ E96 CJ
4
6?5@E@I:? @7 Bacillus thuringiensis :? E96 4@EE@? 3@==H@C> Helicov-
erpa armigera "6A:5@AE6C2 $@4EF:526 Journal of Economic Entomology

 
	

?:=<F>2C !  '@5C:8@(:>@?  6CCM   &FDKE2:2C6J # (:G2DFAC2
>2?:2> ( #@2C , 		 &C@5F4E:@? 2?5 492C24E6C:K2E:@? @7 Ba-
cillus thuringiensis CJ
4C6D:DE2?E 4@EE@? 3@==H@C> Helicoverpa zea
@55:6 Applied and Environmental Microbiology 
 


2CE=6EE  ,@=7 ,, ? #@@C6 ' (:?89 & 65:E@CD 
 Pectino-
phora gossypiella


	 Handbook of insect rearing  =D6G:6C (4:6?E:7
:4&F3=:D9:?8@ 
2CC:NC6 . ==6CD!:C<  ":F . (:>D # &2E:? " 6??69J ) 
)232D9?:<  		
2 :E?6DD 4@DED 2?5 >2E6C?2= 67764ED 2DD@4:2E65
H:E9 C6D:DE2?46 E@ EC2?D86?:4 4@EE@? :? E96 A:?< 3@==H@C>
"6A:5@AE6C2 6=649::526 Journal of Economic Entomology 





2CC:NC6 . ==6CD!:C<  &2E:? " (:>D # #6J6C ( ":F . 6?
?69J )  )232D9?:<  		
3 %G6CH:?E6C:?8 4@DED 2DD@4:2E65
H:E9 C6D:DE2?46 E@ EC2?D86?:4 4@EE@? :? E96 A:?< 3@==H@C> Journal of
Economic Entomology 

 


2CC:NC6 . ==6CD!:C<  :88D ', $J3@6C # *??:E92?  6?
?69J )  )232D9?:<  		 2596C:?32D65 C6D:DE2?46 E@ E
4@EE@? :? 9J3C:5 DEC2:?D @7 A:?< 3@==H@C> :E?6DD 4@DED 2?5 :?4@>
A=6E6C6D:DE2?46 Journal of Economic Entomology  


6??69J )  *??:E92?  C:?<D ( ,@@5  2CC:NC6 . )2
32D9?:<  ?E:==2 " ,9:E=@H # 		
 *A52E6 @? A:?< 3@==
H@C> C6D:DE2?46 E@ E 4@EE@? :? E96 (@F9H6DE ? (:=G6CE@@E9   65
:E@C 
 Cotton, A College of Agriculture and Life Science Report Ser-
ies P-138, 2004 @@A6C2E:G6 IE6?D:@? 8C:4F=EFC6 IA6C:>6?E
(E2E:@?)96*?:G6CD:EJ@7C:K@?2 )F4D@?/
2? - /92@  / 2? . (9: - 			 ?9:3:E:@? @7 EC2?D86?:4 E A=2?ED
E@E968C@HE9@74@EE@?3@==H@C> Plant Protection  
6CCM   +2? ':6   		 :@496>:DECJ 2?5 86?6E:4D @7 :?D64E C6D:DE2?46
E@ Bacillus thuringiensis Annual Review of Entomology 
 	

@F=5  ?56CD@?  '6J?@=5D  F>82C?6C " #@2C , 

(6=64E:@? 2?5 86?6E:4 2?2=JD:D @7 2 Heliothis virescens "6A:5@AE6C2
$@4EF:526 DEC2:? H:E9 9:89 =6G6=D @7 C6D:DE2?46 E@ Bacillus thuringien-
sis E@I:?D Journal of Economic Entomology  



C@6E6CD ' )232D9?:<  			 '@=6D @7 D6=64E:@? :?E6?D:EJ >2;@C
86?6D 2?5 >:?@C 86?6D :? 6G@=FE:@? @7 :?D64E:4:56 C6D:DE2?46 Journ-
al of Economic Entomology  
	

6??636CCJ )  @C=@H  649 " #2FC6C   		 7764ED @7 A:?< 3@==
H@C> =2CG26 7665:?8 @? S$F%)$PT 4@EE@? 3@==D 2?5 A@==6?
2?5 E@=6C2?46 E@ CJ
4 E@I:? :? 2CE:7:4:2= 5:6E 3:@2DD2JD Southwest-
ern Entomologist 
 


F2?8  FD49>2? "" :88:?D ' ":  		 (FCG:G2= @7 !2?D2D
:A6=C6D:DE2?E FC@A62? 4@C? 3@C6C "6A:5@AE6C2 C2>3:526 @?
E 2?5 ?@?E 4@C? 9J3C:5D Journal of Economic Entomology 




 2?>22E  #J6CD   		 '2A:5 6G@=FE:@? 2?5 E96 4@DE @7 C6D:DE
2?46 E@ Bacillus thuringiensis :? 8C66?9@FD6 A@AF=2E:@?D @7 4233286
=@@A6CD Trichoplusia ni Proceedings of the Royal Society of London B
	
	 	
":?8C6? & ,2C?6C , 6??636CCJ )  
 ?7=F6?46 @7 56=2J65
>2E:?8 @? 688 AC@5F4E:@? 688 G:23:=:EJ >2E:?8 2?5 @?86G:EJ @7
76>2=6 A:?< 3@==H@C> "6A:5@AE6C2 6=649::526 Environmental En-
tomology 

 
":F . )232D9?:<  #J6C (! 2CC:NC6 . 2CE=6EE  		
 6?
6E:4D @7 A:?< 3@==H@C> C6D:DE2?46 E@ Bacillus thuringiensis E@I:?
CJ
4 Journal of Economic Entomology 

 

? #6==@? # ':DD=6C   65:E@CD 
 Now or Never: Serious New Plans to
Save a Natural Pest Control

 *?:@? @7 @?46C?65 (4:6?E:DED
&F3=:42E:@?D
#@C:? ( :88D ', (:DE6CD@? #( (9C:G6C " ==6CD!:C<  :88:?D@?
 @==6J  292? "  64<6=  2CC:NC6 . 6??69J ) 
C@H?  ! )232D9?:<  		 )9C66 42596C:? 2==6=6D 2DD@4:2E65
H:E9 C6D:DE2?46 E@ Bacillus thuringiensis :? A:?< 3@==H@C> Proceedings
of the National Academy of Sciences USA 
		 		
		
 =B?<0:=5<@42A(284<24+=:G?A82:4
 01?8294A0:
 =B?<0:=5<@42A(284<24GDDD8<@42A@284<24=?6 #@C:? ( 6?56CD@? ( 23C:4<   2CC:NC6 . 6??69J )  C@H?
 ! )232D9?:<  		
 $32D65 56E64E:@? @7 E C6D:DE2?46 2=
=6=6D :? A:?< 3@==H@C> Insect Biochemistry and Molecular Biology



 


(( ?DE:EFE6 
 SAS user’s guide: statistics, Version 5.1.2600(  (
?DE:EFE6
)232D9?:<  FD9:?8 $" :?D@? $  @9?D@? #, 
	 :6=5 56
G6=@A>6?E @7 C6D:DE2?46 E@ Bacillus thuringiensis :? 5:2>@?5324<
>@E9 "6A:5@AE6C2 &=FE6==:526 Journal of Economic Entomology 




)232D9?:<  

 G@=FE:@? @7 C6D:DE2?46 E@ Bacillus thuringiensis An-
nual Review of Entomology  

)232D9?:<  ":F . 6??69J )  (:>D # (:DE6CD@? #( :88D
', 2CC:NC6 . 		 ?96C:E2?46 @7 C6D:DE2?46 E@ E E@I:?
CJ
4 :? 2 7:6=556C:G65 DEC2:? @7 A:?< 3@==H@C> "6A:5@AE6C2
6=649::526 Journal of Economic Entomology  
	

	
)232D9?:<  2CC:NC6 . 6??69J )  #@C:? ( (:DE6CD@? #(
'@FD9 ') (96=E@? # /92@  / 		 ?D64E C6D:DE2?46 E@ EC2?D
86?:4 E 4C@AD =6DD@?D 7C@> E96 =23@C2E@CJ 2?5 7:6=5 Journal of Eco-
nomic Entomology 
 
	

	
)232D9?:<  ":F . *??:E92?  2CC:NC6 . 6??69J )  #@C:?
( 		
 (92C65 86?6E:4 32D:D @7 C6D:DE2?46 E@ E E@I:? CJ
4 :?
:?56A6?56?E DEC2:?D @7 A:?< 3@==H@C> Journal of Economic Entomology
 

)232D9?:<  :88D ', :88:?D@? # 6?56CD@? ( *??:E92?
 *??:E92?  ==6CD!:C<  (:DE6CD@? #( 6??69J ) 
2CC:NC6 . #@C:? ( 		2 DD@4:2E:@? 36EH66? C6D:DE2?46 E@ E
4@EE@? 2?5 42596C:? 86?@EJA6 :? A:?< 3@==H@C> Journal of Economic
Entomology  


)232D9?:<  6??69J )  2CC:NC6 . 		3 6=2J65 C6D:DE2?46 E@
EC2?D86?:4 4@EE@? :? A:?< 3@==H@C> Proceedings of the National
Academy of Sciences USA 
	
 


)232D9?:<  23C:4<   6?56CD@? ( :88D ', .27FD@ # $J
3@6C # #2?92C5E $# @F89=:? " (@==@>6   2CC:NC6 .
6??69J )  #@C:? ( 		 $ D4C66?:?8 C6G62=D A:?< 3@==
H@C> C6D:DE2?46 E@ E 4@EE@? C6>2:?D C2C6 27E6C 2 564256 @7 6IA@D
FC6 Journal of Economic Entomology  

	
,:6C6?82  # $@CC:D " ,92=@? # 
 (E286DA64:7:4 >@CE2=:EJ
@7 @=@C25@ A@E2E@ 366E=6 @=6@AE6C2 9CJD@>6=:526 7665:?8 @?
EC2?D86?:4A@E2E@6D Journal of Economic Entomology  
	

	
 =B?<0:=5<@42A(284<24+=:G?A82:4
 01?8294A0:
 =B?<0:=5<@42A(284<24GDDD8<@42A@284<24=?6 